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MODULE  7:  LESSON  1 ASSIGNMENT 

This  Module  7:  Lesson  1 Assignment  is  worth  26  marks.  The  value  of  each  assignment 
and  each  question  is  stated  in  the  left  margin. 

(26  marks)  Lesson  1 Assignment:  Cathode  Rays  and  Thomson’s  Experiment 

(2  marks)  A 1.  What  was  the  evidence  that  the  cathode  rays  were  particles  with  charge  and 
mass? 


(3  marks)  A 2.  What  is  the  charge-to-mass  ratio  of  a particle  travelling  3.60  x 1 05  m/s  that  is 

deflected  in  an  arc  of  radius  7.40  cm  as  it  travels  through  a magnetic  field  of 
0.610  T? 
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(3  marks)  A 3. 


(3  marks)  A 4. 
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Some  positively  charged  particles  are  found  to  pass  undeflected  through 
perpendicular  magnetic  and  electric  fields.  The  magnetic  field  strength  is  0.650  T, 
and  the  electric  field  strength  is  2.10  x 105  N/C.  What  is  the  speed  of  the  particles? 


Alpha  particles  travel  through  a magnetic  field  of  0.360  T and  are  deflected  in  an 
arc  of  0.0820  m.  Assuming  the  alpha  particles  are  perpendicular  to  the  field,  what 
is  the  energy  of  an  individual  alpha  particle? 
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(3  marks)  A 5.  Using  the  charge  of  an  electron  (determined  by  Millikan  in  another  experiment  to 
be  1.60  x 10"19C)  and  the  charge-to-mass  ratio  of  the  electron  (determined  by 
Thomson  to  be  1.76  x 1011  C/kg),  calculate  the  mass  of  an  electron. 


(3  marks)  A 6.  A particle  accelerated  by  a potential  difference  enters  a velocity  selector.  The 

particle  travels  straight  when  the  magnetic  field  is  0.400  T and  the  electric  field  is 
6.30  x 105  V/m.  Once  the  electric  field  is  turned  off,  a sensor  determines  that  the 
radius  or  the  particle’s  path  is  4.1 1 cm. 


a.  What  is  the  charge-to-mass  ratio  of  this  particle? 
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(2  marks) 


(4  marks) 


b.  Use  the  charge-to-mass  ratio  of  the  particle  to  determine  whether  it  is  an 
alpha  particle,  electron,  or  proton.  Hint:  Check  your  physics  data  sheet  for 
the  charges  and  masses. 


RC  1.  Complete  questions  1 to  3 of  “THEN,  NOW,  AND  FUTURE,  The  Mass 
Spectrometer”  on  page  759  of  your  physics  textbook. 

1. 


1 
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(3  marks) 


2. 


3. 


A 7.  How  did  Thomson’s  discovery  of  the  electron  change  the  current  Dalton  model  of 
the  atom,  and  why  was  this  an  extremely  significant  change? 
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MODULE  7:  LESSON  2 ASSIGNMENT 

This  Module  7:  Lesson  2 Assignment  is  worth  30  marks.  The  value  of  each  question  is 
stated  in  the  left  margin. 

(30  marks)  Lesson  2 Assignment — The  Millikan  Experiment 


(3  marks)  LAB  1 . 

You  will  need  to  go  to  the  Physics  30  Multimedia  DVD  and  open  "Millikan  Experiment 
Simulation"  to  complete  this  question. 


Use  the  following  procedures  to  re-enact  Millikan’s  experiment. 


1 .  On  the  simulation,  select  the  reticle  view  ( ) and  make  sure  that  the  electric 

field  is  off  (BS9). 


2.  Inject  oil  droplets  into  the  apparatus  by  clicking  the  inject  button  ( T ) a few 
times.  You  should  see  the  droplets  moving  down. 


3.  Toggle  the  field  on  and  off  a couple  of  times  ( or  shortcut  key  V).  When  the 
field  is  on,  you  should  see  some  of  the  droplets  move  up. 

4.  Look  for  a droplet  that  moves  both  up  and  down  slowly.  Select  this  droplet  by 
clicking  on  it  with  your  mouse,  and  verify  that  it  changes  colour. 

5.  When  your  selected  droplet  is  well  above  the  top  line  of  the  reticle,  turn  the  field 
off.  As  the  droplet  is  falling, 

• start  the  timer  (U  or  shortcut  key  M)  when  it  passes  the  top  line  of  the 
reticle 

• stop  the  timer  (L  or  shortcut  key  M)  when  it  passes  the  bottom  line  of 
the  reticle  (this  is  the  fall  time) 

6.  After  the  droplet  has  passed  the  bottom  line  of  the  reticle,  switch  the  field  on.  As 
the  droplet  is  rising, 

• start  the  timer  (©  or  shortcut  key  M)  when  it  passes  the  bottom  line  of 
the  reticle 

• stop  the  timer  (CL1  or  shortcut  key  M)  when  it  passes  the  top  line  of  the 
reticle  (this  is  the  rise  time) 


7.  Repeat  steps  5 and  6 five  times  for  your  selected  droplet. 
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8.  Click  the  data  button  (^f)  and  view  the  “Collected  Data.”  Millikan  used  the  rise 
and  fall  times,  the  mass  of  the  droplet  (determined  by  volume  and  density),  and 
forces  related  to  air  resistance  to  determine  its  charge.  Note  that  you  will  see 

information  related  to  these  values  when  you  click  i Oata  anc|  se|ect  the 
“Data  Analysis”  tab. 

Record  the  average  rise  velocity,  average  fall  velocity,  and  charge  of  your  oil 
droplet. 

Average  rise  velocity: 


Average  fall  velocity: 


Charge  of  your  oil  droplet: 


(1  marks)  A 1 . Why  was  Millikan  unable  to  use  water  to  make  the  droplets? 
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(2  marks)  A 2.  Why  was  Millikan’s  oil  drop  experiment  so  important  for  the  development  of 
models  of  the  atom? 


(6  marks)  A 3.  During  a Millikan  oil  drop  experiment,  a student  records  the  weight  of  five 

different  droplets.  A record  is  also  made  of  the  electric  field  intensity  needed  to 
hold  each  droplet  stationary  between  the  horizontal  charged  plates. 


Graph  the  recorded  data.  Using  ONLY  the  graph,  determine  the  elementary  charge. 
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(1  mark) 


(2  marks) 


A 4.  In  a Millikan-type  experiment,  two  horizontal  charged  plates  are  2.5  cm  apart.  A 
latex  sphere  of  1.3  * 10~15  kg  remains  stationary  between  the  plates  when  the 
potential  difference  between  the  plates  is  400  V,  with  the  upper  plate  positively 
charged. 

a.  What  is  the  type  of  charge  on  the  sphere? 


b.  What  is  the  electric  field  intensity  between  the  plates? 


(3  marks) 


c.  What  is  the  charge  on  the  sphere? 
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(2  marks) 


(3  marks) 


d.  How  many  excess  elementary  charges  are  on  the  sphere? 


A 5.  Two  large,  horizontal  charged  plates  are  separated  by  0.050  m.  A small  plastic 
sphere  is  suspended  between  them  and  is  experiencing  a force  of  4.5  x 10~15  N. 

a.  If  the  sphere  has  four  excess  electrons,  what  is  the  mass  of  the  sphere? 


Physics  30:  Module  7 


12 


Assignment  Booklet 


(3  marks) 


(4  marks) 


b.  What  is  the  potential  difference  between  the  plates? 


1.  Millikan's  experimental  discoveries  are,  to  some  extent,  a product  of  the  scientific 
culture  in  which  he  lived  and  worked.  Go  to  the  Physics  30  Multimedia 
DVD  and  view  the  video  clip,  "Millikan— Scientific  Climate."  Summarize  the 
scientific  climate  in  which  Millikan  performed  his  work. 
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(30  marks) 


(2  marks) 


(2  marks) 


(1  mark) 


MODULE  7:  LESSON  3 ASSIGNMENT 

This  Module  7:  Lesson  3 Assignment  is  worth  30  marks.  The  value  of  each  assignment 

and  each  question  is  stated  in  the  left  margin. 

Lesson  3 Assignment — The  Rutherford  and  Bohr  Models  of  the  Atom 

Lab 

Open  the  “Rutherford  Scattering  Simulation”  from  the  Physics  30  Multimedia  DVD. 

LAB  1.  Adjust  the  number  of  protons  to  the  maximum  of  100.  Describe  what  happens 
to  the  amount  of  scattering  that  occurs  and  the  angles  at  which  it  occurs.  How 
can  you  explain  the  relationship  between  the  amount  of  scattering  and  the 
number  of  protons  in  the  nucleus? 


LAB  2.  Select  the  “Plum  Pudding  Atom”  from  the  upper  menu  on  the  simulation. 
Explain  why  the  alpha  particles  are  no  longer  scattered. 


A 1.  According  to  Maxwell’s  laws  of  electromagnetism,  the  orbital  frequency  (the 

number  of  complete  orbits  per  second)  of  an  electron  will  match  the  frequency  of 
the  emitted  radiation. 

a.  If  an  electron  were  to  spiral  into  the  nucleus,  what  would  happen  to  the 
electron’s  orbital  frequency? 
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(1  mark) 


(1  mark) 


(1  mark) 


(1  mark) 


(1  mark) 


(1  mark) 


b.  If  an  electron  were  to  spiral  into  the  nucleus,  what  would  happen  to  the  frequency 
of  the  emitted  radiation? 


c.  If  an  electron  were  to  spiral  into  the  nucleus,  what  kind  of  spectrum  would  be 
produced — a continuous  or  line  spectrum?  Explain. 


d.  Look  at  the  emission  spectrum  of  hydrogen.  What  kind  of  spectrum  is  this? 
Does  Rutherford’s  model  predict  the  correct  spectrum? 


A 2.  According  to  Bohr,  why  did  an  atom  not  collapse  in  on  itself  while  its 
electrons  travelled  around  the  nucleus? 


A 3.  Using  Bohr’s  model,  explain  what  happens  in  the  atom  when  a photon  of  light  is 
a.  emitted 


b.  absorbed 


A 4.  Earlier,  when  you  read  about  the  energy  levels  of  hydrogen,  you  were  introduced 
to  an  energy  level  diagram.  On  this  diagram,  the  n = °°  energy  level  is  represented 
On  the  applet,  complete  an  n = 1 to  n = °°  transition  and  observe  the  energy  state 
data. 
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(1  mark) 


(1  mark) 


(1  mark) 


(1  mark) 


(1  mark) 


(3  marks) 


a.  According  to  the  applet,  what  is  the  energy  of  the  n = °°  energy  level? 


b.  If  an  electron  is  initially  in  the  ground  state,  how  much  energy  must  the  atom 
absorb  for  this  transition  to  occur? 


c.  What  is  the  radius  of  the  n = °°  energy  level? 


d.  What  happens  to  the  atom  if  the  electron  “jumps”  to  the  n = °°  energy  level? 
Hint:  Look  at  the  radius  of  this  energy  level.  Is  the  electron  really  part  of  the 
atom  anymore? 


A 5.  In  the  hydrogen  atom,  the  electron  jumps  from  the  n = 1 level  to  the  n = 4 level, 
a.  During  this  transition,  is  a photon  emitted  or  absorbed? 


b.  What  is  the  change  in  energy  of  the  electron  and  what  is  the  wavelength  of  the 
emitted  or  absorbed  photon? 


Energy  (eV) 
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(2  marks) 


(3  marks) 


c.  Identify  the  transition  by  drawing  an  arrow  on  the  energy  level  diagram  below, 
and  calculate  the  wavelength  of  the  absorbed  photon. 

Energy  Level 
Diagram  for  Hydrogen 

i E=  0 
: E = 0-0.85 
£=0-1.51 

i E=  0-3.40 


l 

j 


I E=0-13.6—  n = 1 


A 6.  An  electron  in  the  third  stationary  state  around  a hydrogen  atom  has  energy  of 
-1.512  eV.  What  will  the  electron’s  energy  be  if  the  hydrogen  atom  absorbs  a 
photon  with  a wavelength  of  109  nm? 


==  n = oo 

— n = 4 
n = 3 

— n = 2 
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(3  marks)  A 7.  What  is  the  shortest  wavelength  photon  that  is  emitted  in  the  hydrogen  atom? 

What  transition  emits  this  photon?  Hint:  If  the  wavelength  is  small,  then  the  energy 
is  large.  Looking  at  the  energy  level  diagram  will  also  help  you. 


(3  marks)  A 8.  Bohr’s  model  of  the  atom  explains  why  emission  and  absorption  lines  match  up. 

Prove  this  for  the  hydrogen  atom.  Choose  any  transition  (and  its  opposite)  and 
calculate  the  wavelength  of  the  emitted  and  absorbed  photon.  Verify  your  answer 
using  the  applet. 
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